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(57) ABSTRACT 

A pharmaceutical composition having a cytotoxic effect to a 
cancer cell is provided. The pharmaceutical composition 
includes a flavonoid compound having a formula as 

wherein B ring is a 4-oxo-cyclohexa-2,5-dienyl group, and 
any one of R-R is one selected from a group consisting of 
hydrogen group, hydroxyl group, C1-C20 alkyl group, 
C1-C20 ether group, C1-C20 ester group, carboxyl group, 
halogen and Sugar. The flavonoid compound is obtained from 
a chemical method being one of a total synthesis method and 
a semi-synthesis method. 

17 Claims, 3 Drawing Sheets 
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COMPOSITION FORTREATING CANCER 
CELLS AND SYNTHETIC METHOD FOR THE 

SAME 

FIELD OF THE INVENTION 

The present invention relates to a composition for treating 
cancer cells and a synthetic method therefor. More particu 
larly, the method is total synthesis or semi-synthesis. 

BACKGROUND OF THE INVENTION 

Recently many extracts and their derivatives oriented from 
natural plants, such as Vincristine, vinbalstine, camptothecin, 
taxol and its derivatives, palitaxel and docetaxel, have been 
widely used in clinical chemical therapy of a malignant 
tumor. Therefore, the effect of the extracts from natural plants 
has been a burgeoning research in the field of new drug 
development. 

According to present publication, protoapegenone is a 
compound derived from Thelypteris torresiana produced in 
Taiwan. The compound has strong cytotoxic activities to 
many human cancer cell lines, including breast cancer cells 
(MCF-7, MDA-MB-231), liver cancer cells (Hep G2, and 
Hep 3B), and lung cancer cells (A549). (Planta Medica 
71:867-870, 2005) 

Prior to that, the protoapigenone can be obtained merely by 
extraction and isolation from natural plants. However, the 
efficiency of collecting the compound is under influence of 
unstable sources such as plant genes, humidity, and latitude, 
altitude of the collection location, season and individual 
variation of the plants. 

In view of the above, the inventors develop a method for 
producing a compound for treating cancer cells through total 
synthesis or semi-synthesis based on the inventors’ experi 
ence in studying the ingredient of natural plants and chemical 
synthesis for a long time. By using Such preparation, the 
protoapigenone can be produced from commercially avail 
able chemical products without extracting from natural 
plants. Moreover, the activity of the synthetic compound has 
no obvious difference with nature product through a compari 
son of activity. Moreover, the source of the compound would 
be stable and preparation time would be saved. Further, yield 
of the compound can be estimated in a large scale production 
by using the synthetic method of the present invention. 

Besides, many derivatives of protoapigenone will be pro 
duced from different initiators, reagents and intermediator. 
Moreover, the acidity, the alkalinity, the lipid solubility, the 
solubility, the activity and the toxicity of the compound can be 
changed by Substituting with different functional groups so 
that a more potent compound with cytotoxic effect can be 
afforded. The summary of the present invention is described 
below. 

SUMMARY OF THE INVENTION 

It is an aspect of the present invention to provide a phar 
maceutical composition having a cytotoxic effect to a cancer 
cell. The pharmaceutical composition comprises a flavonoid 
compound having at least one of the following formulas: 
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wherein B ring is a 4-oxo-cyclobexa-2,5-dienyl group, and 
any one of R-R is one selected from a group consisting of 
hydrogen group, hydroxyl group, C1-C20 alkyl group, 
C1-C20 ether group, C1-C20 ester group, carboxyl group, 
halogen and Sugar. In one preferred embodiment of this 
invention, flavonoid compound is obtained from a total Syn 
thesis method. In another preferred embodiment, the fla 
vonoid compound is obtained from a semi-synthesis method. 

Preferably, the pharmaceutical composition is used for 
treating a disease of a mammal. 

Preferably, the disease is a cancer. 
Preferably, the mammal is a human. 
It is another aspect of the present invention to provide a 

method for synthesizing a specific flavonoid compound. The 
method comprises steps of mixing an acetophenone compris 
ing a first protecting group with a benzaldehyde comprising a 
second protecting group to obtain a first compound through a 
Claisen-Schmidt Condensation reaction, reacting the first 
compound with a first catalyzer to obtain a second compound, 
removing the second protecting group from the second com 
pound to obtain a third compound, reacting the third com 
pound with a second catalyZerandaniodobenzene compound 
to obtaina fourth compound throughan oxidation, and adding 
an acid into the fourth compound to remove the first protect 
ing group and obtain the flavonoid compound. In a specific 
embodiment, the specific flavonoid compound is protoap 
igenone. 
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Preferably, the first protecting group is a MOM. 
Preferably, the second protecting group is a benzyloxy 

group. 
Preferably, the first catalyzer is an iodine. 
Preferably, the second catalyzer is a TEMPO. 
Preferably, the iodobenzene compound is one of an iodo 

benzene diacetate and a bis(trifluoroacetoxy)iodobenzene. 
Preferably, the acid is a hydrochloric acid. 
It is a further aspect of the present invention to provide a 

method for synthesizing a specific flavonoid compound. The 
method comprises steps of providing a flavonoid compound 
comprising a 4'-hydroxy group, and mixing the flavonoid 
compound with a first catalyzer and an iodobenzene com 
pound to obtain the specific flavonoid compound. In an exem 
plary embodiment, the specific flavonoid compound is 
derivatives of protoapigenone. 

Preferably, the first catalyzer is a TEMPO. 
Preferably, the iodobenzene compound is one of an iodo 

benzene diacetate and an Ibis(trifluoroacetoxy)iodoben 
Z. 

Other objects, advantages and efficacies of the present 
invention will be described in detail below taken from the 
preferred embodiments with reference to the accompanying 
drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow chart showing the total synthesis method 
for preparing the flavonoid compound in the present inven 
tion; 

FIG. 2 shows chemical structures of compounds 8a, 10a, 
15a and 18a prepared by a semi-synthesis method in the 
present invention; and 

FIG. 3 shows chemical structures of compounds 8b. 10b, 
and 15b prepared by a semi-synthesis method in the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

I. Definitions 

The following definitions are provided in order to aid 
understanding of the detailed description of the present inven 
tion: 
As used herein, the term “C1-C20 alkyl represents a 

straight- or branched-chain Saturated hydrocarbon containing 
1 to 20 carbon atoms which may be unsubstituted or substi 
tuted by one or more substituents. Examples of C1-C20 alkyl 
groups include methyl, ethyl, propyl. 2-propyl. n-butyl, iso 
butyl, tert-butyl, pentyl, and the like. Similarly, the term “C1 
C20 ether and “C1-C20 ester represents a compound con 
taining 1 to 20 carbon atoms which may be unsubstituted or 
substituted by one or more substituents. 
As used herein, the term “alkyl represents both straight 

and branched, Saturated and unsaturated hydrocarbon groups. 
As used herein, the term “ether represents any of a number 

of organic compounds whose molecules contain two hydro 
carbon groups joined by single bonds to an oxygen atom. 
As used herein, the term “ester” refers to and covers any 

compound falling within the definition of that term as classi 
cally used in organic chemistry. It includes organic and inor 
ganic esters, where A is —COOH; this term covers the prod 
ucts derived from treatment of the function with alcohols or 
thioalcohols. The ester is derived from compounds where A is 
—CH, OH: this term covers compounds derived from 
organic acids capable of forming esters such as phosphorous 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
based and Sulfur-based acids, or compounds of the formula 
—CH, OCOR where R is any substituted or unsubstituted 
aliphatic, aromatic, heteroaromatic or aliphatic-aromatic 
group. 
The term “halogen' refers to fluorine, chlorine, bromine or 

iodine. 
The term “total synthetisis” refers to the chemically syn 

thetic method using starting materials other than one of the 
naturally occurring compounds. The term "semi-synthesis' 
refers to the chemical synthetic method using naturally occur 
ring compounds as starting materials. 
As used herein, the term “mammal’ refers to the Mamma 

lia class of higher vertebrates, especially human. 
The term “protecting as used herein refers to a process in 

which a functional group in a chemical compound is selec 
tively masked by a non-reactive functional group in order to 
allow a selective reaction(s) to occur elsewhere on the chemi 
cal compound. Such non-reactive functional groups are 
herein termed as “protecting groups. Such groups are gen 
erally able to be selectively introduced and removed using 
mild reaction conditions that do not interfere with other por 
tions of the Subject compounds. 
The term “oxidation” refers to the loss of one or more 

electrons in an element, compound, or chemical Substituent/ 
Subunit. In an oxidation reaction, electrons are lost by atoms 
of the element(s) involved in the reaction. The charge on these 
atoms must then become more positive. The electrons are lost 
from the species undergoing oxidation and thus electrons 
appear as products in an oxidation reaction. 
The term “protoapigenone used in the embodiment refers 

to a flavonoid compound containing a 4'-oxocyclohexa-2',5'- 
dienyl moiety rather than a 4'-hydroxycyclohexa-2',5'-dienyl 
moiety in a nature product. Except the particularly mentioned 
“natural protoapigenone' or “protoapigenone extracted from 
a plant, the term “protoapigenone' mentioned in the 
embodiment represents the flavonoid derived from a chemi 
cal synthesis method. 

II. Detailed Description 

Example I 

The Total Synthetic Method for Preparing 
Protoapigenone Compound 

Please refer to FIG. 1, which is a flowchart showing a total 
synthesis method for preparing the flavonoid compound in 
the present invention. Firstly, an exceed amount (for example, 
7E (equivalent)) of potassium carbonate is added into an 
acetone solution containing 2',4',6'-Trihydroxy-acetophe 
none monohydrate to form a first mixture, and the first mix 
ture is stirred. Then, 3E of chloromethyl methyl ether is added 
dropwise into the first mixture. For fully reacting, the first 
mixture is refluxed for 90 minutes. After cooling, the first 
mixture is filtrated to obtain a precipitation. The precipitation 
is rinsed with acetone and chloroform, and then evaporated 
and purified by column chromatography on a silica gel (iso 
cratic elution, 90% n-hexane/10% ethyl acetate) to obtain a 
2'-hydroxy-4-6'-dimethoxymethyl-acetophenone with 
MOM protecting groups on the 4' and the 6' positions in 
50.3% yield. 

Subsequently, the aforementioned 2'-hydroxy-4'-6"- 
dimethoxymethyl-acetophenone and a 4-benzyloxy-benalde 
hyde are mixed to carry out a Claisen-Schmidt Condensation 
reaction. In this condensation reaction, 2'-hydroxy-4-6'- 
dimethoxymethyl-acetophenone and 2E of 4-benzyloxy-be 
naldehyde are mixed in ethanol Solution to obtain a second 
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mixture. After stirring the second mixture, a catalytic amount 
of potassium hydroxide is added thereinto. The second mix 
ture is stirred at room temperature for 30 hrs, and then the 
Solvent was evaporated under reduced pressure. The concen 
trated second mixture is chromatographed on a silica gel and 
eluted with n-hexane/ethyl acetate to obtain a first compound 
in 87.2% yield. 

0.2E of iodine is added into a proper amount of pyridine 
Solution containing the dissolved first compound. After the 
pyridine solution is heated and refluxed for 5 hrs, a sodium 
thiosulfate is added thereinto. The pyridine solution is 
extracted with ethyl acetate/water and then purified by a 
column chromatography on silica gel to obtain a second com 
pound in 85.5% yield. 

Then, the second compound is dissolved in an ethyl 
acetate/methanol solution. 1E of 10% palladium carbon (Pd/ 
C) is added into the ethyl acetate/methanol solution and the 
Solution mixture is stirred under an atmosphere of hydrogen 
for 3 hrs. After a filtration process for removing the palladium 
carbon, the above Solution is concentrated under reduced 
pressure to obtain a third compound in 88.9% yield. 
An oxidation reaction is carried out by reacting the third 

compound with 1E of iodobenzene diacetate or bis(trifluo 
roacetoxy)iodobenzene in the presence of a catalytic amount 
of TEMPO under a heating condition to obtain a reactant a. 
The reactant a is extracted with ethyl acetate/water and then 
isolated repeatedly on a silica gel column to obtain a forth 
compound in 22.2% yield. 
The MOM protecting groups on the 4' and the 6' positions 

of the forth compound is removed by heating with hydrochlo 
ric acid to provide a protoapigenone compound in 46.7% 
yield. 

Example II 

The Semi-Synthesis Method for Preparing 
Derivatives of Protoapigenone 

The embodiment herein illustrates a semi-synthesis 
method for synthesizing the following compounds: com 
pound 8a: protoflavonone (IIUPAC name is 2-(1-hydroxy-4- 
oXocyclohexa-2,5-dienyl)-4H-chromen-4-one), compound 
10a: 5-hydroxyprotoflavone (IIPAC name is 2-(1-hydroxy-4- 
oXocyclohexa-2,5-dienyl)-5-hydroxy-4H-chromen-4-one), 
compound 15a: B-naphthoflavonone (IIPAC name is 3-(1- 
hydroxy-4-oxocyclohexa-2,5-dienyl)-1H-benzof chromen 
1-one) and compound 18a; 5-hydroxy-7-methoxyprotofla 
Vonone (IIPAC name is 5-hydroxy-2-(1-hydroxy-4- 
oXocyclohexa-2,5-dienyl)-7-methoxy-4H-chromen-4-one). 

Firstly, a commercially available precursor flavonoid such 
as 4'-hydroxyflavone, 4'-5-dihydroxyflavone, 4'-hydroxy-3- 
naphthoflavone and 4-5-dihydroxy-7-methoxyflavone is 
selected as a starting material and dissolved in an appropriate 
amount of water. Secondly, a catalytic amount of TEMPO is 
added to the precursor flavonoid. The solution mixture is 
oxidized with 1E of iodobenzene diacetate or bis(trifluoro 
acetoxy)iodobenzene in a heating condition to obtain a prod 
uct b. Sequentially, the product b is extracted with ethyl 
acetate?water to afford an organic layer, and the organic layer 
is isolated by chromatography repeatedly to obtain the com 
pound 8a, compound 10a, compound 15a and compound 18a 
in 20-30% yield. The structural changes of these compounds 
are shown in FIG. 2. 

In another way, the above precursor flavonoids can be 
dissolved in an appropriate amount of methanol. A catalytic 
amount of TEMPO is added to the precursor flavonoid 
respectively. The solution mixture is oxidized with 1E of 
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6 
iodobenzene diacetate or bis(trifluoroacetoxy)iodobenzene 
in a heating condition to obtain a product c. Similarly, the 
product c is extracted with ethyl acetate/water to afford an 
organic layer, and the organic layer is isolated by chromatog 
raphy repeatedly to obtain a compound having a methoxy 
group on the 1'-position Such as 1'-methoxyprotoflavonoen 
(compound 8b), 1'-methoxy-5-methylprotoflavonone (com 
pound 10b), and 1'-methoxy-f-naphthoflavone (compound 
15b) in 25-35% yield. The structural changes of these com 
pounds are shown in FIG. 3. 

Example III 

The Bio-Activities of the Derivatives of 
Protoapigenone 

Cells Culture 
Human liver (HepG2 and Hep3B), breast (MCF-7 and 

MDA-MB-231), and lung (A549) cancer cell lines were 
propagated in RPMI-1640 medium supplement with 10% 
(v/v) FBS, 100 U/mL penicillin and 100 g/mL streptomycin 
at 37° C. in a humidified atmosphere of 5% CO2 and 95% air. 
The culturing medium is changed every three days. Upon 
confluency, cells were subcultured to confluency, and used for 
experiments. The experimental period is determined accord 
ing to the aim of experiment. 

Cytotoxicity Assay 
Cytotoxicity is measured by the MTT calorimetric method. 

Cells were seeded at densities of 5,000-10,000 cells/well in 
96-well tissue culture plates. On day two, cells are treated 
with test compounds for another 72 hrs. After drug treatment, 
attached cells were incubated with MTT (0.5 mg/mL) for 1 hr 
and subsequently solubilized in DMSO. The absorbency at 
550 nm is then measured using a microplate reader. The result 
of cell viability is shown in Table 1. The IC50 is the concen 
tration of agent that reduces the cell viability by 50% under 
the experimental conditions, and the cytotoxic compound, 
Doxorubicin, is used as a positive control. 

TABLE 1 

IC ?mL 

Compound HepG2 Hep3B MDA-MB-231 MCF-7 A549 

protoapigenone 2.32 O.65 O41 1.07 3.96 
8a. 1.71 O.32 O.18 0.44 1.33 
8b 10.95 1.45 1.47 2.14 -2O 
10a 1.34 O.35 O.18 O.93 1.37 
1Ob 7.64 O.66 O.S4 1.55 16.36 
15a 1.08 O.09 O.12 O.20 0.55 
1Sb 3.16 O.35 0.37 O.86 8.2O 
183 O.17 O.20 O.13 O.S1 O.93 
Doxorubicin O.29 O.36 O.08 O43 O.21 

As shown in Table 1, each test compound is examined for 
in vitro cytotoxic activities against several human cancer lines 
and compared with the related flavonoid protoapigenone and 
doxorubicin, a positive control. Remarkably, compounds 8a, 
10a, 15a and 18a show significant cytotoxic activity with 
notable ICso against cancer cell lines, especially Hep3B and 
MDA-MB-231. It is known that both the protoapigenone 
compound and its derivatives synthesized by a chemical 
method have cytotoxic effect against cancer cells, similar to 
nature protoapigenone compound extracted from a plant. 
Among the derivatives, compound 18a shows the highest 
potency against all five cancer cell lines. Amazingly, this 
compound also exhibits significantly enhanced activity 
against the HepG2 human liver cancer cell line, while most 
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analogs show comparatively weak activity against this cell 
line. From the above data, it is proved that many derivatives 
having more potency to particular cancer cells than protoap 
igenone can be produced by using the synthetic method of the 
present invention. 

To Summarize, the present invention provides a composi 
tion having a cytotoxic effect to a cancer cell and a method for 
synthesizing the same. The total synthesis or semi-synthesis 
method can generate the cytotoxic compound protoap 
igenone. Further, the method of the present invention can 
produce other derivatives with similar activity or even with 
better activity. 

While the invention has been described in terms of what is 
presently considered to be the most practical and preferred 
embodiments, it is to be understood that the invention needs 
not be limited to the disclosed embodiment. On the contrary, 
it is intended to cover various modifications and similar 
arrangements included within the spirit and scope of the 
appended claims which are to be accorded with the broadest 
interpretation so as to encompass all such modifications and 
similar structures. 

What is claimed is: 
1. A pharmaceutical composition having a cytotoxic effect 

to a cancer cell comprising: 
a flavonoid compound having at least one of the following 

formulas: 

Formula 1 

Formula 2 

Formula 3 

wherein: 
Bring is a 4-oxo-cyclohexa-2,5-dienyl group, and any one 
of R-R is one selected from a group consisting of 
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8 
hydrogen group, hydroxyl group, C1-C20 alkyl group, 
C1-C20 ether group, C1-C20 ester group, carboxyl 
group, halogen and Sugar, 

when R of formula 1 is a hydroxyl group, R of formula 1 
is one selected from a group consisting of hydrogen 
group, C1-C20 alkyl group, C1-C20 ether group, 
C1-C20 ester group, carboxyl group, halogen and Sugar, 
and 

when R of formula 1 is a hydroxyl group, R of formula 1 
is one selected from a group consisting of hydrogen 
group, C1-C20 alkyl group, C1-C20 ether group, 
C1-C20 ester group, carboxyl group, halogen and Sugar. 

2. The composition as claimed in claim 1, wherein the 
flavonoid compound is obtained from a chemical method 
being one of a total synthesis method and a semi-synthesis 
method. 

3. A method comprising administering to a mammal in 
need thereof a therapeutically effective amount of the phar 
maceutical composition of claim 1. 

4. The method as claimed in claim3, wherein the disease is 
a CaCC. 

5. The method as claimed in claim 4, wherein the mammal 
is a human. 

6. A synthesis method for synthesizing a flavonoid com 
pound of claim 1 comprising steps of: 

mixing an acetophenone comprising a first protecting 
group with a benzaldehyde comprising a second protect 
ing group to obtain a first compound through a Claisen 
Schmidt Condensation reaction; 

reacting the first compound with a first catalyzer to obtain 
a second compound; 

removing the second protecting group from the second 
compound to obtain a third compound; 

reacting the third compound with a second catalyzer and an 
iodobenzene compound to obtain a fourth compound 
through an oxidation; and 

adding an acid into the fourth compound to remove the first 
protecting group and obtain the flavonoid compound. 

7. The method as claimed in claim 6, wherein the first 
protecting group is a MOM. 

8. The method as claimed in claim 6, wherein the second 
protecting group is a benzyloxy group. 

9. The method as claimed in claim 6, wherein the first 
catalyzer is an iodine. 

10. The method as claimed in claim 6, wherein the second 
catalyzer is a TEMPO. 

11. The method as claimed in claim 6, wherein the iodo 
benzene compound is one of an iodobenzene diacetate or a 
bis(trifluoroacetoxy)iodobenzene. 
12. The method as claimed in claim 6, wherein the acid is 

a hydrochloric acid. 
13. A synthesis method for synthesizing a flavonoid com 

pound of claim 1 comprising steps of: 
mixing an acetophenone comprising a first protecting 

group with a benzaldehyde comprising a second protect 
ing group to obtain a first compound through a Claisen 
Schmidt Condensation reaction; 

reacting the first compound with a first catalyzer to obtain 
a second compound; 

removing the second protecting group from the second 
compound to obtain a third compound; 

reacting the third compound with a second catalyzer and an 
iodobenzene compound to obtain a fourth compound 
through an oxidation; and 
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adding an acid into the fourth compound to remove the first 16. The method as claimed in claim 14, wherein the iodo 
protecting group and obtain the flavonoid of claim 1. benzene compound is one of an iodobenzene diacetate or an 

bis(trifluoroacetoxy)iodobenzene. 
17. A synthesis method for synthesizing a specific fla 

5 vonoid compound comprising steps of 
14. A synthesis method for synthesizing a specific fla 

vonoid compound comprising steps of 
providing a flavonoid compound comprising a 4-hydroxy providing a flavonoid compound comprising a 4-hydroxy 

group; and group; and 
mixing the flavonoid compound with a first catalyzer and mixing the flavonoid compound with a first catalyzer and 

an iodobenzene compound to obtain the specific fla- an iodobenzene compound to obtain the specific fla 
vonoid compound. 10 vonoid compound, wherein the specific flavonoid com 

15. The method as claimed in claim 14, wherein the first pound is the flavonoid of claim 1. 
catalyzer is a TEMPO. k . . . . 


